Arisaema tosaense Makino develops either 1 or 2 leaves during both the male and female phases. To clarify the relationship between growth stage (sexual stage) and leaf number in this species, we conducted morphological analysis using A. tosaense, A. japonicum Bulme, A. sikokianum French. & Sav., and A. ringens (Thunb.) Schott. We found that increase in size of pseudostem of these Arisaema species is correlated to changes in the growth stage from sterile to male and from male to female phases. In particular, 1-leaf individuals of A. tosaense appeared at the beginning of both male and female phases, suggesting that they contribute to the earlier appearance of the fertile phase from sterile stages.
Introduction
Some plants are known to change from male to female or vice versa during their lifetimes [1] , but only has much attention been paid to understanding their life histories have not been clearly understood [2, 3] . The most widely accepted explanation for changes in sex is the size-advantage model, which suggests that if an organism reproduces more efficiently as 1 sex, for example male, when small and more efficiently as the other sex (female) when large then changing sex from male to female with increasing size would be favoured [4, 5] .
The genus Arisaema Martius belongs to the family Araceae and has characteristic flowers, which consist of a hooded tube and an elongated or rounded spadix inside the spathe [6] . Among sex-changing organisms whose life histories have been studied, plants belonging to this genus are unusual because they can change both their sex and size in either direction from one season to the next [7] . Moreover, the sex-changing sizes (sterile to male, male to female) were identified using some Arisaema species [8] [9] [10] . Within the section Pistillata Nakai in this genus, A. tosaense Makino is a sex-changing perennial herb that occurs in the evergreen forests of the Shikoku district of Japan. Its structure is simple, consisting of an underground storage organ (corm), 1 or no inflorescence, a spadix-appendage that is clavate and thickened at the apex, and a green spathe-blade [7] . In particular, in this species, individuals with 1 compound leaf can be found as frequently as those with 2 leaves during both the male and female phases (Figure 1) . A preliminary phylogenetic analysis of closely related species of A. tosaense (data not shown) showed that, for example, A. japonicum Bulme has the following characteristics: a spathe blade that is always shorter than the tubular part and strongly declined at the tip over the mouth; a tessellated stem, which actually consists of some leaf sheathes piled up around the flower stem; and 2 compound leaves. This indicates that A. japonicum always has a constant number of compound leaves, whereas A. tosaense can have either 1 or 2 leaves during both the male and female phases. In general, most species of the section Pistillata Nakai in Arisaema have constant number of leaves either 1 leaf or 2 leaves. However, it is very interesting that A. tosaense have both 1 leaf and 2 leaves. In this case, it is very interesting to clarify whether the difference in the number of leaves during the male and female phases in A. tosaense correlates to increase in the plant size (pesudostem diameter); however, no studies have reported the life history of A. tosaense thus far. Therefore, to clarify the relationship between leaf number and growth stage (sexual stage) of A. tosaense, we conducted a morphological analysis of A. tosaense and allied taxa.
Materials and Methods
In this study, we analysed 4 
Results and Discussion
In general, the growth stage of Arisaema is reflected in the leaf area [8] ; moreover, there are high correlations between the leaf area and the leaflet number, between the leaf area and the biomass, and between the leaf area and the pseudostem diameter [9, 10] . Among these properties, we used the pseudostem diameter to clarify the relationship between leaf number and growth stage of A. tosaense. In our study, the pseudostem diameter of sterile, male, and female individuals of A. tosaense ranged from 1.1 to 5.4, 2.4 to 13.4, and 6.7 to 20.0 mm, respectively (Figure 2(a) ). Of these, individuals of A. tosaense with 1 leaf and 2 leaves had diameters ranging from 3.1 to 7.9 mm and from 2.4 to 13.4 mm, respectively, during the male phase and from 7.7 to 12.0 and from 6.7 to 20.0 mm, respectively, during the female phase. In addition, the pseudostem diameter of sterile, male, and female plants ranged from 1.0 to 7.6 mm, 2.6 to 14.3 mm, and 4.2 to 27.4 mm, respectively, in A. japonicum (Figure  2(b) ); from 1.0 to 5.2 mm, 4.3 to 12.5 mm, and 7.4 to 23.2 mm, respectively, in A. sikokianum (Figure 2(c)) ; and from 1.0 to 8.6 mm, 5.5 to 24.4 mm, and 11.4 to 42.5 mm, respectively, in A. ringens (Figure 2(d) ).
Our results indicate that increase in size of Arisaema species correlated to the growth stage from sterile to male and from male to female phases. Moreover, it was interesting to note that in A. tosaense, individuals with 1 leaf occurred earlier during growth than those with 2 leaves during both the male and female phases (Figure  2(a) ), suggesting that individuals of A. tosaense with 1 leaf are likely to mature earlier from the sterile to the fertile stages. We observed that aerial shoots of A. tosaense expand from mid-May to June, which is later in the season than the expansion of aerial shoots of A. ringens, A. japonicum, and A. sikokianum [7] ; however, the fruits mature fully in the same season (October to November). This suggests that the period of expansion of aerial shoots in A. tosaense is shorter than those of A. ringens, A. japonicum, and A. sikokianum and that the annual amount of photosynthate stored in the scape and Table 1 . Sampling localities used in this study. In the section Pistillata Nakai in Japan, the species can be divided into 2 morphological groups, constant in 1 leaf type and 2 leaves type. For example, A. iyoanum Makino, a species growing high altitude, has a linear spathe blade that is ovate, gradually becomes acuminate, and always consists of 1 compound leaf (Figure 3(a) ), although plants occasionally have a different number of leaves [7] . In fact, we found 1 large female with 2 leaves in the Omogo Valley, Ehime Prefecture (Figure 3(b) ). There-
